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Supercapacitor vs Li‐ion Battery 
Supercap‐powered Bus 
(World Expo, Shanghai, 
2010)
Li‐ion Battery: chemical device: 
high energy density, slow 
charging, short life time
TESLA sport 
220 miles per charge
6831 LIB cells (CoO2)
Supercap: physical device, 
low energy density, fast 
charging, long life time
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Energy Storage Technologies
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Commercial Supercapacitors
Commercial Supercapacitor
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Electrochemical Double Layer Capacitor 
aka ‐ Supercapacitor
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Monolithic Biochar
• Biochar is pyrolyzed biomass
• Slow-pyrolysis process (800ºC)
• Precursor wood structures are retained
• Large, crack-free, porous structures with 
carbon content >90%
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Biochar properties are determined by biomass and 
production conditions
• Key Factors:
– Raw material 
– Temperature
– Heating rate 
– Degree of oxidation
• Mechanisms:
– O, H, C, and minerals (K, Ca, S,…) 
are volatilized at different rates
– The remaining C molecules 
rearrange
Image from ”Biochar: Environmental Management” (edited by Lehmann and Joseph, 2009)
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Carbon Allotropes 
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Properties of Carbon Allotropes
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Maple and Pine Wood Biochar SEM 
Images in the Axial Direction
SEM BSE Images of Maple (L) and Pine (R) Biochar (axial view)
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Elemental Compositions of Biochar
(wt%)
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Bulk and Skeletal Conductivity of Biochar
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Electrical Conductivity vs Carbon 
Content  of Biochars 
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Graphite(? to basal plane)
333
Graphite (along basal plane)
400,000
Electrical Conductivity of Biochar 
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Crystallite Size (via XRD) of Biochar 
Produced at Different Temperatures
Crystallite M600 M800 M1000 P600 P800 P1000
size (100) 1.27 2.27 2.62 2.47 2.90 3.68
(nm) (002) - 0.68 0.87 - 0.74 0.90
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Crystal Structure of Biochar
TEM identification of graphite crystals
Lattice constant (a) = 0.24 nm， Interlayer spacing (c) = 0.34 nm 19Alba-2017
Ideal Electrode ‐ high SSA, highly conductive of 
electrons and ions in electrolyte, cost‐effective
Supercapacitor
AC
d

CNT-Supercapacitor CNT-forest
Carbon Nanotube (CNT)‐based 
Supercapacitor 
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Monolithic Biochar‐based Supercapacitor
(silver maple ‐ Acer saccharum, hardwood)  21Alba-2017
Importance of Grain Orientation 
‐ with grain (WG) and against grain (AG)
22
Specific Capacitance of Biochar 
– Pseudocapacitance
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Microwave radiation time (s)
capacitance of 
graphene
• Produced using microwave‐assisted KOH activation
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Current Density (mA/g)
Monolith
Thin Film
Performance of Maple Monolith (5 mm) and 
Thin Film (0.2 mm) Electrodes
11
•Electrical conductivity is highly 
dependent of degree of carbonation as 
well as graphitization
•Monolithic biochar is a promising 
material for large electrode in for 
supercapacitor  
Key Findings
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